Three forms of exocellobiohydrolase (EC 3.2.1.9 1), CBH IA, CBH IB and CBH II, were isolated to apparent homogeneity from culture filtrates of the aerobic fungus Talaromyces emersonii. CBH IA and CBH II appear to be native forms of these enzymes, while CBH IB may represent a proteolytic degradation product of the CBH IA enzyme. 
INTRODUCTION
A variety of aerobic fungi and aerobic bacteria produce complete cellulase systems, i.e. systems that catalyse the extensive degradation of crystalline cellulose (Coughlan & Ljungdahl, 1988) . Hydrolysis of the substrate by such systems is brought about by the synergistic action of endo-,3-1,4-glucanases (1,4-,-D-glucan 4-glucanohydrolase; EC 3.2.1.4) and exocellobiohydrolases (1,4-,8-D-glucan cellobiohydrolase; EC 3.2.1.91). The former catalyse the random cleavage of cellulose, thereby producing chain ends from which the latter remove cellobiose units (Wood, 1985) . The reaction is completed by extracellular or cellbound fi-glucosidases that cleave the resulting cellobiose to glucose.
It is generally found that the endo-and exo-acting enzymes in question exist in culture filtrates in a number of different forms (see e.g. Coughlan, 1985) . One reason put forward to explain this multiplicity is that, since each glucosyl unit in a cellulose chain is rotated 1800 with respect to its neighbours, an enzyme approaching the surface of the crystalline substrate will encounter two stereochemically different ,-1,4-glycosidic linkages (Wood, 1985) . Thus hydrolysis of interal linkages will require the operation of at least two types of endoglucanase differing in stereospecificity. Depending on which type of glycosidic linkage is hydrolysed by the endo-acting enzymes, two different types of chain ends would be produced and would require two stereospecifically different types of cellobiohydrolase to effect removal of cellobiose.
While the stereospecificity of any cellulase has yet to be examined, the stereochemical course of the reactions catalysed by a few such enzymes has been investigated. Cellobiohydrolase type I (CBH I) and endoglucanase type I (EG I) from Trichoderma reesei (Knowles et al., 1988; Claeyssens et al., 1990) are retaining enzymes, i.e. the anomeric configuration of the glycosidic linkage cleaved is retained. Cex, a cellobiohydrolase, and CenB, an endoglucanase, from Cellulomonasfimi (Withers et al., 1986; Meinke et al., 1991) are also retaining enzymes. The Trich. reesei and C. fimi enzymes (the specificity of CenB has yet to be determined) can utilize artificial oligosaccharides, including lactosides and cellobiosides, as substrates (Gilkes et al., 1988; Kilburn et al., 1990) .
By contrast, CBH II and EG III from Trich. reesei (Saloheimo et al., 1988; Knowles et al., 1988; Claeyssens et al., 1990) and CenA, an endoglucanase from C. fimi (Withers et al., 1986) are inverting enzymes and, while they cannot use lactosides and cellobiosides as substrates or do so very poorly, they can hydrolyse higher oligosaccharides (Gilkes et al., 1988; Kilburn et al., 1990) . A cellobiohydrolase isolated from Phanerochaete chrysosporium was also shown to be inverting (Streamer et al., 1975) . Since then, the genes encoding two cellobiohydrolases have been isolated from this source (Sims et al., 1988) . Thus it is possible that one of these genes encodes a retaining enzyme. That this might be the case is supported by the fact that the gene in question was isolated using as a probe the gene sequence from Trich. reesei that encodes CBH I, a retaining enzyme.
In the interests of finding further examples, we report on the stereochemical course of the reactions catalysed by three cellobiohydrolases isolated from the culture filtrates of Talaromyces emersonii. This moderately thermophilic aerobic fungus produces a complete cellulase system when grown on appropriate media (McHale & Coughlan, 1980 , 1981 Moloney et al., 1983 (Wood et al., 1989; Coughlan, 1990) , the final steps in each purification process involved hydrophobic chromatography on phenyl-Sepharose, followed by affinity chromatography on a Sepharose 4B carrier substituted with paminobenzyl l-thio-/J-D-cellobioside (van Tilbeurgh et al., 1984) . respectively, following incubation (15 min at 50°C) of 0.5 mM substrate with an aliquot of enzyme in 100 mM-sodium acetate buffer, pH 5 (final volume 0.6 ml) (Claeyssens, 1988) . Some assays were carried out using microtitre plates with the filter appropriate to 405 nm (Claeyssens, 1988 (van Tilbeurgh et al., 1984 (van Tilbeurgh et al., , 1986 (van Tilbeurgh et al., , 1988 Abuja et al., 1988) .
The stereochemical course of the hydrolysis of ,-cellobiosyl fluoride by these enzymes was monitored using 'H-n.m.r. spectroscopy. Fig. l(a) (Fig. lb) or CBH II (Fig. lc) , the anomeric H signals from the substrate were replaced by those due to the anomeric H of fl-cellobiose {d (4.578) [d, J1-2 8.1 Hz]} and acellobiose {6 (5.142) [d, J12 3.7 Hz]} respectively. The products in each reaction readily mutarotated to yield, finally, an equilibrium mixture of a-and f8-cellobiose (Fig. ld) . Sinnott (1990) states that establishment of inversion requires quantities of enzyme sufficient to make the total flux to product comparable with that from accumulated product to the mutarotational equilibrium mixture, and that the analytical system must be capable of responding on a time scale that is short compared with the mutarotational constants. The n.m.r. experiments reported here were carried out at 20°C , partly to slow the rate of equilibration of cellobiose released from ,-cellobiosyl fluoride. By contrast, the temperature optima of the purified cellobiohydrolases from Tal. (Fig. 2) . That the anomeric configuration of the newly formed reducing end produced by CBH II action was inverted with respect to that of the substrate was confirmed by 'H-n.m.r. analysis of the hydrolysis of 4-methylumbelliferyl fl-cellotrioside (results not shown). Koshland (1953) stated that glycoside hydrolases that acted with retention of an anomeric configuration operated via a double displacement mechanism involving an enzyme nucleophile, while inverting glycosidases operated via single displacement of the aglycon by a nucleophilic water molecule. In his review, Sinnott (1990) claims that 37 years of subsequent investigation have produced no evidence to the contrary. It is reasonable to suppose that this is also true of the cellobiohydrolases from Tal. emersonii. Moreover on the basis of substrate specificity and the stereochemistryo'f the reactions they catalyse, one may classify CBH IA (and CBH IB) as family C enzymes, while CBH II belongs to family B (Henrissat et al., 1989) . However, the relationship, if any, between the stereochemistry of the reactions catalysed by all of these enzymes and the need, imposed by the structure of cellulose (see the IntroVol. 283 33 H-1l' * duction section), for enzymes differing in substrate stereospecificity, remains to be elucidated.
